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SUMMARY

The impact of long-term training on systemic and mucosal immunity was assessed prospectively in
a cohort of elite swimmers over a 7-month training season in preparation for national champion-
ships. The results indicated significant suppression (P < 0-05) of serum IgA, IgG and IgM and
salivary IgA concentration in athletes associated with long-term training at an intensive level.
There was also a trend towards lower IgG2 subclass levels in serum in athletes compared with
controls (P = 0 07). There were no significant changes in numbers or percentages of B or T cell
subsets, but there was a significant fall in natural killer (NK) cell numbers and percentages in
athletes over the training season (P < 005). After individual training sessions there was a

significant decrease in salivary IgA levels for athletes compared with controls (P = 0-002). In
athletes there was a downward trend in salivary IgA levels over the 7-month training period in both
the pre-exercise (P = 0 06) and post-exercise samples (P = 0 04). There were no significant trends
in salivary IgG levels over the study period in either athletes or controls. The only significant
change in salivary IgM levels was an increase in detection rate in the pre-competition phase in
athletes (P = 0 03). The study suggests that training of elite athletes at an intensive level over both
short- and long-time frames suppresses both systemic and mucosal immunity. Protracted immune
suppression linked with prolonged training may determine susceptibility to infection, particularly
at times of major competitions.

Keywords exercise immunity swimmers saliva immunoglobulins

INTRODUCTION

In recent years several reports have indicated that elite athletes
are susceptible to upper respiratory tract infections (URTI),
either immediately before or more importantly during major
competitions [1-4]. It has been suggested that susceptibility to
URTI is due to impaired immune function [3-6], but a direct
link has not been established [7]. Exercise has been shown to
alter various immune parameters at the time of exercise, giving
rise to either enhanced or suppressed immunity depending on
the intensity of exercise and fitness level of the study popula-
tions [5,6,8-10].

Studies of systemic immunity in sedentary and moderately
exercising subjects have indicated enhanced immune responses
following moderate exercise [8,9]. In contrast, highly trained
athletes and sedentary individuals subjected to intense exercise
have shown alterations in systemic immune parameters indica-
tive of suppressed immunity during and immediately after

Correspondence: Dr Maree Gleeson, Hunter Immunology Unit,
Royal Newcastle Hospital, PO Box 664J, Newcastle NSW 2300,
Australia.

training sessions [3,10-19]. While some changes are transitory
and related to the acute effect of intense exercise, the changes in
leucocyte numbers [14] and cytokine levels [18] in peripheral
blood have been shown to persist for several days. Studies of
mucosal immunity have also shown a decrease in salivary IgA
levels in highly trained athletes following endurance exercise
[3,20-25], but these studies have not been linked with an
increased incidence of URTI.

Most studies have assessed the impact of exercise on
immune parameters following individual episodes of intense
exercise. This prospective study assessed the impact of long-
term training at an intense level on systemic and mucosal
immunity in a cohort of elite swimmers undertaking a 7-
month training programme in preparation for national
championships.

SUBJECTS AND METHODS

Subjects
The study was conducted with the informed consent of the
Australian Institute of Sport (AIS) Swimming Team, which
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an EPICS II Flow Cytometer (Coulter). Serum immunoglobu-
lins IgA, IgG, IgM and albumin were measured by rate
nephelometry using a Beckman Array (Beckman, Brea, CA)
analyser and Beckman antisera, controls and calibration
material. The Beckman calibrators were referenced against
WHO 67/95. Conversion factors to CRM470 are IgA x 0-99,
IgG x 096, IgM x 0 95 and albumin x 1-04. IgG subclasses
were measured by radial immunodiffusion using commercially
prepared plates and reagents (The Binding Site, Birmingham,

Taper UK).

cSalivary immunoglobulins and albumin

30 IgA, IgG, IgM and albumin were measured in unstimulated

Adwhole mixed saliva by electroimmunodiffusion [28] using com-

20 _ . ///l .,, mercially prepared IgA-specific antisera (Tago, Burlingame,
Apr May Jun Jul Aug Sep Oct CA) and IgG, IgM and albumin-specific antisera (Dako Immu-

noglobulins, Glostrup, Denmark). The assays were calibrated
Fig. 1. Mean training volume per week (km/week) and monthly phase with Standard Human Serum referenced against WHO 67/95

of training indicated as endurance (End), quality (Qual) and taper for (Behringwerke, Marburg, Germany). Conversion factors to

the athletes over the training season. CRM470 are IgA x 0-83, IgG x 0-85, IgM x 0 67 and
albumin x 100.

consisted of 26 elite swimmers (15 males, 11 females) aged 16-
24 years. The athletes were undertaking 20-25 h of pool train-
ing and 5 h of dry-land training per week in preparation for the
World Championship Trials. The phase of training and average

distances swum each week are shown in Fig. 1. Twelve AIS
staff (seven males, five females) aged 19-41 years, who were

involved in regular activity but limited to a maximum of 4 h per

week of moderate exercise, acted as controls.

Study design
The athletes and controls were studied monthly from April to
October, during the southern hemisphere autumn to spring.
Blood for lymphocyte subsets and IgG subclasses was collected
at the beginning of the study period and the lymphocyte subsets
were repeated at the end of the study. Before a scheduled
training session each month blood (from which serum was

prepared) and saliva were collected from athletes and controls
for immunoglobulin and albumin quantifications. Saliva was

collected again immediately after the training session.
This study was designed to eliminate many of the physio-

logical variables known to cause alterations in salivary immu-
noglobulin levels [26]. Saliva samples were collected at the same
time each month, at least 1 h post-prandially, without stimula-
tion, and a minimum of 24 h after the previous training session
to reduce the physiological variability of salivary immuno-
globulin levels due to flow rate, dehydration and prior exercise
effects. Although temperature has been reported to have no

effect on salivary IgA levels following exercise [27], any possible
interaction was reduced by conducting all study sessions in the
AIS indoor heated pool.

Blood tests
Blood was collected by standard venepuncture technique. Total
leucocyte count and percentage of lymphocytes were measured
on a Model Stks Coulter Counter (Coulter Electronics, Hialeah,
FL). Commercial MoAbs (Coulter) were used to determine
numbers and percentages of T cells and T subsets (CD3,
CD4, CD8), B cells (CD19), natural killer (NK) cells (CD56)
and an activation marker (HLA-DR) by flow cytometry using

Statistical analysis
Wilcoxon's risk sum test for unpaired data was used for
comparisons between athletes and controls and between pre-

and post-exercise levels on log-transformed data. Repeated
monthly measurements for individuals were assumed to be
independent. Changes over the training period were assessed
for trends and by the difference between measurements taken in
the first month and the last month for each athlete or control
subject. Non-parametric statistical methods were used for all
comparisons. P < 0 05 was considered statistically significant.

RESULTS

Effects on systemic immunity
Lymphocyte subsets. The mean and s.d. of leucocyte counts

and lymphocyte subsets collected at the beginning and end of
the training season and comparison between levels in athletes
and control subjects are shown in Table 1. There were no

significant changes in total leucocyte counts, B cell and T cell
subsets or HLA-DR activation markers in athletes or controls
over the study period. The only significant difference at the
commencement of the training season between athletes and
controls was a marginally lower total leucocyte count in
athletes compared with controls (P = 0 02). There were no

significant differences between athletes and controls at the
end of the training season. The only significant change between
subsets at the end of the training season compared with the
beginning of training was a fall in NK cell numbers and
percentages in athletes but not in control subjects. There was

a significant decrease in NK cell percentage of total lympho-
cytes (mean change = 2-1% of cells) in athletes which repre-
sented a mean 35% decrease at the end of the study period
(P < 0 05). The decrease in NK cell total numbers in athletes
(mean change = 0068 x 109 cells) represented a mean

decrease of 57% in NK cell numbers (P < 0 05).
Serum immunoglobulins and albumin. The monthly mean

levels of serum IgA, IgG, IgM and albumin for athletes and
controls are shown in Fig. 2 and the mean levels for all serum
samples collected over the training season are given in Table 2.
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Fig. 2. Serum IgA, IgG, IgM and albumin levels (mean ± s.e.m.) for
samples collected monthly from athletes (0) and controls (0) over the
training season.

There were no significant differences between serum albumin
levels in athletes compared with controls. Mean levels of serum
IgA, IgG and IgM were all significantly lower in athletes
compared with controls, and were not affected by age differ-
ences. There were no significant changes in serum IgG, IgM or

albumin levels over the study period in either athletes or

controls. Serum IgA levels did not alter significantly over the
study period in controls, but the levels were slightly higher at
the end of the training season in athletes. There was a 4-4%
mean increase in serum IgA level in athletes, representing an

average increase of 0-07 g/l (s.d. = 0-12, P = 0-01) from the
start of the training season.

There were no significant differences between athletes and
controls for any IgG subclass (Table 3), but there was a trend
towards lower levels ofIgG2 in athletes compared with controls
(P = 0-07).

Effects on mucosal immunity
Salivary albumin. The pre-exercise and post-exercise sali-

vary albumin levels remained stable over the study period in
both athletes and controls. There were no significant differences
for mean salivary albumin levels between athletes and controls
for either pre- or post-exercise collections (Table 2). The
salivary albumin levels on average decreased after individual
training sessions in athletes, while in controls the salivary
albumin levels increased, resulting in a significant difference
(P = 0-004) for the changes from pre- to post-exercise levels
between athletes and controls (Table 2).

Salivary IgA. There was a downward trend over the 7-
month study period in both pre- and post-exercise salivary IgA

Table 2. Comparison of the mean (and s.d.) of serum and salivary immunoglobulins and albumin
levels for all samples collected over the training season from other athletes and control subjects

Athletes Controls
Immune parameter Units (n = 220) (n = 83) P

Serum IgA g/l 1-51 (1-39) 1-73 (1-62) 0.01*
Serum IgG g/l 10-28 (1-26) 10-80 (1-21) 0.03*
Serum IgM g/l 1-07 (1-63) 1-38 (1[09) 0.0001*
Serum albumin g/l 42-52 (1-08) 42-95 (1-09) 0-34

Pre-exercise:
Salivary IgA mg/l 50-40 (1-60) 41-70 (1-8) 0.05*
Salivary IgG mg/l 8-10 (13-2) 3-90 (20-9) 0.05*
Salivary IgM mg/l 0-03 (15-6) 0-01 (4-1) 0.01*
Salivary albumin mg/l 35-20 (2-1) 30 90 (2-1) 0-23
IgA/albumin ratio 0 70 (2-16) 1-35 (2-32) 0 70

Post-exercise:
Salivary IgA mg/l 45-20 (1-7) 46-10 (1-8) 0-72
Salivary IgG mg/i 5-20 (18 5) 5-80 (14 7) 0-71
Salivary IgM mg/i 0-02 (7-7) 0-01 (4-7) 0-39
Salivary albumin mg/i 32-10 (2-2) 36 60 (2 0) 0-27
IgA/albumin ratio 1-39 (2 23) 1-26 (2-18) 0-43

Post-pre-exercise changes:
Salivary IgA mg/i 0-90 (1-68) 1-09 (1-62) 0.002*
Salivary IgG mg/l 0-64 (1-11) 1-48 (229) 0-07
Salivary IgM mg/l 0-55 (16-8) 1-08 (3-86) 0-05*
Salivary albumin mg/l 0-91 (1-99) 1-29 (1-82) 0.004*

* Significant difference between athletes and controls.
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Table 3. Comparison of mean (and s.d.) for IgG subclass
levels (g/! in athletes and control subjects at the beginning

of the study

IgG Athletes Controls
subclass (n = 26) (n = 12) P

IgGl (g/!) 7-18 (2-52) 6 80 (1-48) 0-89
IgG2 (g/l) 2 57 (0 73) 3 54 (1-73) 007
IgG3 (g/l) 0 59 (0-21) 0 59 (0-15) 0-74
IgG4 (g/t) 0 53 (0 41) 0-36 (0 33) 0-17
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levels in athletes (Fig. 3). The downward trend in salivary IgA
over the study period for athletes approached significance for
the pre-exercise levels (P = 0 06) and was significant for the
post-exercise collections (P = 0 04). These trends were not

observed in control subjects. The changes between the pre-

and post-training session salivary IgA levels were consistent
between months and showed no additional trends over the
study period. The mean pre-exercise salivary IgA levels were

significantly higher (P = 0 05) in athletes compared with con-

trols, but the mean post-training session levels were not sig-
nificantly different (Table 2). The salivary IgA level on average

decreased after individual training sessions in athletes but
increased in controls. The changes between pre- and post-
exercise levels of salivary IgA were significantly different
(P = 0 002) between athletes and controls, indicating signifi-
cant decreases in IgA levels post-exercise for athletes.

There were no significant differences in the ratio of salivary
IgA:salivary albumin between athletes and controls (Table 2).
A downward trend over the study period was also observed for
the salivary IgA:salivary albumin ratio in athletes, and
approached significance for the pre-exercise (P = 0 08) and
post-exercise saliva collections (P = 0 06).

Salivary IgG and IgM. There were no significant trends in
the monthly mean salivary IgG or IgM levels over the study
period in either athletes or controls. Pre-exercise levels of
salivary IgG and IgM were significantly higher in athletes
than in controls (Table 2). The post-exercise levels of salivary
IgG and IgM were not significantly different between athletes
and controls, but -the changes between pre- and post-exercise
levels indicated a significant decrease in IgM levels post-
exercise in athletes (P = 0 05) and a similar trend for IgG
(P = 0-07) (Table 2). The detection rate for salivary IgM was

low throughout the study period, being 13% for samples
collected from athletes and 15% from controls, though there
was a significant increase (P = 0 03) in the detection rate
(22%) in saliva collections from athletes in the pre-competition
training phase. The IgM detection rate observed in saliva
samples collected from controls during the same pre-competition
period was 13%.

DISCUSSION

This study of highly trained elite swimmers showed suppression
of immune parameters in athletes compared with control
subjects associated with long-term training. The significant
changes in athletes included: (i) lower serum IgA, IgG and
IgM levels and a trend towards lower levels of IgG2 subclass;
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Fig. 3. Salivary IgA levels in pre-exercise and post-exercise samples
collected at monthly intervals from athletes and for all samples
collected over the training season. The whisker-box plots represent
the 25th-75th percentile of results inside the box; the median is
indicated by a bar across the box and the mean by a solid black
square (M). The whiskers on each box represent the 5th-95th percentile
of results and 0 represents outliers.

(ii) a decrease in mean salivary IgA levels after individual
training sessions; (iii) a fall over the 7-month training season

in NK cell numbers and percentage of lymphocytes and both
pre-exercise and post-exercise salivary IgA levels. There were

no differences in peripheral blood B cells, T cell subsets or

HLA-DR+ populations between athletes and controls, nor

were there significant changes in these parameters over the 7-
month training period.

Although serum immunoglobulin levels in the athletes were
within normal population reference ranges, the levels of all
three major classes were below the 10th percentile. The mean

serum IgA, IgG and IgM levels in athletes were all significantly
lower than for control subjects. One explanation for the lower
levels of serum immunoglobulins in athletes compared with

controls is that the years of training at an elite level may result
in a small, in absolute terms, but significant chronic suppres-
sion of systemic immunity. Serum IgG levels decreased with

increasing distances swum by the athletes (M. Gleeson et al.,
unpublished observation), and the suppression of total IgG
levels was reflected mainly in lower levels of IgG2 subclass. Low

1995 Blackwell Science Ltd, Clinical and Experimental Immunology, 102:210-216
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levels of IgG2 have been previously reported in long distance
runners [13], where the differences in IgG subclasses were also
noted to be small on an absolute scale. Ricken & Kindermann
[29] have also shown that low levels of serum immunoglobulins
are associated with an increased susceptibility to infection. This
long-term study was initated by our observation of hypo-
gammaglobulinaemia in one elite swimmer which reversed
with a reduced training schedule (P. Fricker et al., unpublished
observation), suggesting that some individual athletes may
develop a protracted systemic immune deficiency.

The current study also showed a significant fall in NK cell
numbers and NK percentage of lymphocytes in the athletes
over the 7-month training season, suggesting a further chronic
effect of long-term intensive training. A fall in NK cell numbers
after exercise has been reported by other investigators studying
the acute effects of exercise on immunity [12,14,19,21] and may
reflect a physiological redistribution of NK cells out of periph-
eral blood during intensive physical training [17]. However, it
has also been shown that levels of NK cell numbers return to
normal within 24 h [12-17,19]. As the blood collections in this
study were taken more than 24h after the previous training
session, the decrease in NK cell numbers and percentages are
likely to reflect a protracted suppression rather than an acute
effect. Whether the changes in NK cell numbers are an acute or
chronic effect of exercise, the fall has the potential to leave an
athlete susceptible to viral infection. NK cell activity was not
addressed in this study, and further investigations are required
to assess the significance of this decrease in NK cells in elite
swimmers.

It has been previously reported that salivary IgA levels are
decreased immediately following intense exercise [16,20-25] in
other sporting events. This study confirms these observations of
a fall in salivary IgA after individual sessions of intense exercise
in elite swimmers, but in addition documents a significant fall in
salivary IgA levels in these athletes over a long-term training
period. The mean salivary albumin levels and ratios of IgA:al-
bumin in saliva did not alter over the study period in athletes or
controls, confirming that the observed decrease in salivary IgA
levels was not due to alterations in flow rate or dehydration in
the athletes. The results indicate that intense training chroni-
cally suppresses salivary IgA levels in addition to suppression
of systemic immunity.

Detection of salivary IgM in athletes was most frequent in
the pre-competition phase at the end of the training season,
suggesting that IgM secretion may be a compensation mechan-
ism for suppressed salivary IgA following long-term training.
IgM is known to act as a compensation mechanism in mucosal
secretions of IgA-deficient subjects [30], as a result of the
increased proportion of IgD- and IgM-producing cells at
mucosal surfaces in these subjects [31]. Failure of IgM com-
pensation may increase the susceptibility of respiratory infec-
tion in elite athletes, and requires further investigation.

This study provides evidence of chronic suppression of both
systemic and mucosal immunity in a cohort of elite athletes.
The mechanism of this immunosuppression is unknown, but
may be mediated by hormonal changes associated with
exhausting exercise [32]. The observations provide a framework
for assessment of those athletes who present with fatigue and an
apparant infection-prone state. These athletes may have a
reduction of serum and secretion immunoglobulins or levels
at the lower end of the population reference range. Further

studies are in place to determine the clinical significance of the
current observations, the mechanisms of immune suppression,
and implications for training and management strategies to
prevent or reverse exercise-induced immune suppression.

ACKNOWLEDGMENTS

The authors wish to thank the athletes and coaches of the 1990 AIS
Swimming Team and the AIS staff who participated in this study, in
particular Sr Sue Beasley and Mr Anthony Parker. The immunology
tests were performed by the staff of the Hunter Immunology Unit, and
statistical analysis by Dr J. H. Wlodarczyk (National Environmental
Toxicology Research Unit, Royal Newcastle Hospital). This manu-
script was typed by Ms Rosalie Mundy. The study was funded by the
Australian Sports Commission.

REFERENCES

1 Douglas DJ, Hanson PG. Upper respiratory infections in the
conditioned athlete. Med Sci Sports Exerc 1978; 10:55.

2 Peters EM, Bateman ED. Ultramarathon running and upper
respiratory tract infections. An epidemiological survey. S Afr Med
J 1983; 64:582-4.

3 Levando VA, SuzdalNitskii S, Pershin BB, Zykov MP. Study of
secretory and antiviral immunity in sportsmen. Sports Training
Med Rehab 1988; 1:49-52.

4 Heath GW, Ford ES, Craven E, Macera CA, Jackson KL, Pate RR.
Exercise and the incidence of upper respiratory tract infections.
Med Sci Sports Exerc 1991; 23:152-7.

5 Keast D, Cameron K, Morton AR. Exercise and the immune
response. Sports Med 1988; 5:248-67.

6 Nieman DC, Nehlsen-Cannarella SL. The effects of acute and
chronic exercise on immunoglobulins. Sports Medicine 1991;
11: 183-201.

7 Nieman DC. Exercise, infection and immunity. Int J Sports Med
1994; 15:S131-S141.

8 Nehlsen-Cannarella SL, Nieman DC, Balk-Lamberton AJ, Markoff
PA, Chritton BW, Gusewitch G, Lee JW. The effects of moderate
exercise training on immune response. Med Sci Sports Exerc 1991;
23:64-70.

9 Hickson RC, Boone JB. Physical exercise and immunity. In:
Plotnikoo N, Murgo A, Faith R, Wyburn J, eds. Stress and
immunity. Boca Raton: CRC Press, 1991:211-34.

10 Shephard RJ, Rhind S, Shek PN. Exercise and the immune system.
Natural killer cells, interleukins and related responses. Sports Med
1994; 18:340-69.

11 Eskola J, Ruuskanen 0, Soppi E, Viljanen MK, Jarvinen M,
Toivonen H, Kouvalainen K. Effect of sport stress on lymphocyte
transformation and antibody formation. Clin Exp Immunol 1978;
32:339-45.

12 Pedersen BK, Tvede N, Hansen FR et al. Modulation of natural
killer cell activity in peripheral blood by physical exercise. Scand J
Immunol 1988; 27:673-8.

13 Gmiinder FK, Joller PW, Joller-Jemelka HI et al. Effect of a herbal
yeast food supplement and long-distance running on immunological
parameters. Br J Sports Med 1990; 24:103-12.

14 Order U, Dufaux B, Uhlenbruck G, Liesen H. Lymphocyte subsets
during the first hours and days after a 2 5 h running test. J Clin Lab
Immunol 1990; 32:97-102.

15 Field CJ, Gougeon R, Marliss EB. Circulating mononuclear cell
numbers and function during intense exercise and recovery. J Appl
Physiol 1991; 71:1089-97.

16 Pedersen BK. Influence of physical activity on the cellular immune
system. Mechanisms of action. J Sports Med 1991; 12 (Suppl.
1):S23-S29.

© 1995 Blackwell Science Ltd, Clinical and Experimental Immunology, 102:210-216



216 M. Gleeson et al.

17 Fry RW, Morton AR, Crawford GPM, Keast D. Cell numbers and
in vitro responses of leucocytes and lymphocyte subpopulations
following maximal exercise and interval training sessions of differ-
ent intensities. Eur J Appl Physiol 1992; 64:218-27.

18 Sprenger H, Jacobs C, Nain M, Gressner AM, Prinz H, Wesemann
W, Gemsa D. Enhanced release ofcytokines, interleukin-2 receptors
and neopterin after long-distance running. Clin Immunol Immuno-
pathol 1992; 63:188-95.

19 Hoffman-Goetz L, Pedersen BK. Exercise and the immune system:
a model of the stress response? Immunol Today 1994; 115:382-7.

20 Mackinnon LT, Chick TW, Van As A, Tomasi TB. The effect of
exercise on secretory and natural immunity. Adv Exp Med Biol
1987; 216A:869-76.

21 Tomasi TB, Trudeau FB, Czerwinski D, Erredge S. Immune
parameters in athletes before and after strenuous exercise. J Clin
Immunol 1982; 2:173-8.

22 Mackinnon LT, Chick TW, Van As A, Tomasi TB. Decreased
secretory immunoglobulins following intense endurance exercise.
Sports Train Med Rehab 1989; 1:1-10.

23 Tharp GD, Barnes MW. Reduction of saliva immunoglobulin levels
by swim training. Eur J Appl Physiol 1990; 60:61-64.

24 Mackinnon LT, Ginn E, Seymour S. Effects of exercise during
sports training and competition on salivary IgA levels. In: Husband
AJ, ed. Behaviour and immunity. Boca Raton: CRC Press,
1992:169-77.

25 Mackinnon LT, Ginn E, Seymour S. Decreased salivary
immunoglobulin A secretion rate after intense interval exercise in
elite kayakers. Eur J Appl Physiol 1993; 67:180-4.

26 Brathall D, Widerstrom L. Ups and downs for salivary IgA. Scand J
Dent Res 1985; 93:128-34.

27 Housh TJ, Johnson GO, Housh DJ, Evans SL, Tharp GD. The
effect of exercise at various temperatures on salivary levels of
immunoglobulin A. J Sports Med 1991; 12:498-500.

28 Gleeson M, Cripps AW, Clancy RL, Husband AJ, Hensley MJ,
Leeder SR. Ontogeny of the secretory immune system in man. Aust
NZ J Med 1982; 12:255-8.

29 Ricken KH, Kindermann W. Behandlungsmoglichkeiten der
Infektanfalligkeit des Leistungssportiers. Deutsche Zeitschrift fur
Sportsmedizin 1986; 37:146-50.

30 Norhagen G, Engstrom PE, Hammerstrom L, Soder PO, Smith CI.
Immunoglobulin levels in saliva in individuals with selective IgA
deficiency: compensatory IgM secretion and its correlation to HLA
and susceptibility to infections. J Clin Immunol 1989; 9:279-86.

31 Brandtzaeg P. Karlsson G, Hansson G, Petruson B, Bjorkander J,
Hanson LA. The clinical condition of IgA-deficient patients is
related to the proportion of IgD- and IgM-producing cells in their
nasal mucosa. Clin Immunol 1987; 67:626-36.

32 Smith JA, Weidemann MJ. The exercise and immunity paradox: a
neuro-endocrine/cytokine hypothesis. Med Sci Res 1990; 18:749-
53.


